Abstract
Introduction
Vitamin D inadequacy (VDI) is an endemic condition affecting about 1 billion people worldwide. 3 In fact, VDI is present in as many as 4 out of 5 patients with urolithiasis, with 20% of them being hypercalciuric. 4 Despite the role of calcium in maintaining good health and preventing bone loss, urologists are reluctant to treat VDI in patients with history of urolithiasis due to concerns for increased urinary calcium excretion and thus increased risk of urolithiasis in this high-risk population. Although several studies have examined the relationship between vitamin D supplementation (VDS) and hypercalciuria, evidence remains limited and contradictory on whether a correlation exists between both conditions. Some studies detected an increase in urinary calcium excretion and kidney stone development after VDS, whereas others did not. [5] [6] [7] [8] [9] [10] Due to the unknown effects of vitamin D and calcium supplementation (VDCS) on the risk of developing hypercalciuria and subsequent de novo stone formation, we examined the impact of maintenance doses of vitamin D (VD) and calcium on urinary calcium excretion and de novo stone development in VDI patients with a history of urolithiasis. Our hypothesis is that urinary calcium excretion would significantly increase, such that some patients would fall in the hypercalciuria range. Furthermore, the rate of de novo stone development would be greater in these hypercalciuric patients.
Methods
After obtaining institutional ethics approval, we retrospectively reviewed the data of VDI patients with a history of urolithiasis at a tertiary stone centre between September 2009 and December 2014. Patients with serum 25 (OH)VD levels below 75 nmol/L and history of urolithiasis who received VDCS for VDI, osteoporosis (Z score <-2.5 SD) or hyperoxaluria (urinary oxalate >480 umol/L) were included in the study. 11 Serum 25 (OH)VD levels were measured by high-hesswani et al.
pressure liquid chromatography-tandem mass spectrometry (AB SCIEX, Foster City, CA). We excluded patients (1) with primary hyperparathyroidism (HPT); (2) without pre-and post-VDCS metabolic stone workup; (3) with hypercalciuria (urinary calcium excretion >300 mg/d for men, >275 mg/d for women) prior to VDCS; (4) on thiazide diuretic prior to VDCS; and (5) pregnant women (Fig. 1) . We also reviewed patient charts, including imaging studies. Metabolic stone workup included two 24-hour urine collections prior to and 3 months post VDCS. When there was discrepancy between the two 24-hour urine collections, the collection with the higher urinary calcium was chosen as the representative sample. The urinary parameters included volume, pH, 24-hour excretion of creatinine, calcium, sodium, phosphate, uric acid, citrate, oxalate, potassium, magnesium, and urea nitrogen. Serum analysis included serum 25(OH) VD levels, total and normalized ionized calcium, creatinine, uric acid and parathyroid hormone (PTH). Patients with an elevated PTH underwent sestamibi parathyroid scintigraphy and neck ultrasonography to differentiate between primary and secondary HPT. Normalized ionized calcium levels were also used to differentiate between the two HPT states. Patients with primary HPT were excluded.
Patients were followed with imaging studies semi-annually. Radiology imaging and reports were used to assess the development of new stones and/or growth of pre-existing stones in comparison to pre-treatment studies. Stone development was defined as an increase in the size of previous stones and/or the development of new stones.
Statistical analysis
Descriptive data were presented in terms of numbers, percentages, medians, means and 95% confidence intervals (CI) of the means. Fisher's exact test was used to compare between categorical variables whereas the paired Student t-test was used to compare within-group continuous parameters pre-and post-VDCS. Linear regression model was used to examine the relationship between changes in serum 25(OH)VD and changes 24-hour urinary calcium excretion. A two-sided level of significance p < 0.05 was adopted for all tests. All data analysis was performed using IBM Statistical Package for Social Sciences for Macintosh, v.21 (SPSS, Cary, NC).
Results
In total, we included 34 patients, with a mean age of 54.8 ± 14.7 years and a mean body mass index of 25.7 ± 4.78 kg/m 2 . Females comprised 32.4% and family history of urolithiasis was positive in 48.4% of patients. In total, 20% of patients were osteoporotic, 32.4% were hyperoxaliuric, and 53.1% were recurrent stone-formers ( Table 1) . The median VD and calcium doses were 800 (range: 400-1200) IU and 1000 (range: 500-1500) mg for Ci-Cal D, 1500 (range: 500-1500) IU; and 945 (range: 315-945) mg for Osteocit+D, 800 IU and 1000 mg for CarbocalD and 1000 (range: 800-1428) IU and 500 mg for generic VD (Table  1) . Median VD and calcium doses supplied were 1000 (range: 400-1500) IU/day and 945 (range: 315-1500) mg/ day, respectively (Table 1) . After a median follow-up of 
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39 months (range: 7-60), serum 25(OH)VD significantly increased from 52.0 to 66.4 nmol/L, p < 0.001 (Table 2) . Despite this significant increase, only 13 (38.2%) patients in the cohort had normalized their serum 25(OH)VD levels ( Table 3) . The mean serum total calcium did not change after VDCS (p = 0.568), whereas the mean serum ionized calcium rose significantly (4.62 ± 0.28 vs. 4.88 ± 0.36mmol/L, p = 0.001). However, no patient became hypercalcemic (>1.32 mmol/L). The mean 24-hour urinary calcium excretion significantly increased after VDCS (3.80 vs. 5.64 mmol/d, p < 0.001), and 8 (23.5%) patients developed de novo hypercalciuria (p = 0.001) (Table 3) . Moreover, the mean urinary oxalate levels significantly decreased after VDCS (413 vs. 352 µmol/d, p = 0.032) ( Table 2 ) and the number of hyperoxaliuric patients significantly decreased from 11 to 3 (p = 0.016) ( Table 3) .
No significant change was observed for the mean serum PTH levels (p = 0.987) after VDCS (Table 2) . Nine (27.3%) patients had secondary HPT prior to VDCS (Table 3 ). The mean urinary sodium, potassium and citrate rose significantly after VDCS (p = 0.004, p = 0.034 and p < 0.001, respectively).
Out of the 8 (23.5%) patients who developed de novo hypercalciuria, 4 (50.0%) developed new stones and/or had their stones grow in size. In contrast only 3/26 (11.5%) non-hypercalciuric patients developed stones. The difference in de novo stone development between the 2 groups was significant (p = 0.038) (Fig. 2) . Four (50.0%) of the 8 de novo hypercalciuric patients received thiazide diuretics to decrease their urinary calcium excretion. Additionally, 9 (25.7%) patients were hypernatriuric (urinary sodium excretion >220 mmol/d) on follow-up 24-hour collections ( Table 2 ). The number of hypernatriuric patients was similar between hypercalciuric and non-hypercalciuric patients at follow-up (25% vs. 27%, p = 0.464).
A linear regression analysis was generated to correlate changes in urinary calcium excretion and serum 25(OH) VD levels (Fig. 3) . Although the mean urinary calcium excretion rose significantly after VDCS (Table 2) , there was no significant correlation between changes in urinary calcium excretion and changes in serum 25(OH)VD levels (r = 0.032, p = 0.857).
Discussion
Despite VDI's crucial role in calcium homeostasis, VDI stone formers are rarely prescribed VDCS due to the possibility that it may increase urinary calcium excretion and promote These results are different from the findings by Leaf and colleagues, where the authors gave VD repletion therapy (ergocalciferol 50 000 IU/week) for 8 weeks without calcium supplementation. 8 They found that mean 24-hour urinary calcium excretion did not change significantly after 8 weeks. The lack of significant changes in urinary calcium excretion could be due to short-duration of therapy and lack of calcium supplementation. The median follow-up time in the present study was 39 months and all patients received calcium in addition to VD. In addition, in the former study, patients with hypercalciuria or on concomitant thiazide diuretics were not excluded and there was no mention of any patients developing hypercalciuria. In the present study, patients with hypercalciuria prior to VDCS were excluded (Fig. 1) . A quarter of hypercalciuria were prescribed a thiazide diuretic. our patients (23.5%) developed de novo hypercalciuria. In addition, 4 patients who developed de novo Finally, the current study assessed stone development or growth after VDCS where all patients were followed with imaging studies.
In the present study, 50% percent of hypercalciuric patients developed stones compared with 11.5% of nonhypercalciuric patients (p = 0.038) (Fig. 2) . These results are consistent with Jackson and colleagues' study that showed a 17% increase in de novo stone development among patients receiving VDCS (1000 mg calcium daily and 400 IU vitamin D 3 daily). 5 Similarly, Wallace and colleagues showed that postmenopausal women on VDCS (1000 mg calcium daily and 400 IU vitamin D 3 daily) for an average of 7 years self-reported an increase in incidence of urolithiasis. 6 Whereas the previous 2 studies exclusively enrolled postmenopausal women without a history of stones who self-reported occurrence of stones, the present study enrolled both men and women with history of urolithiasis and were followed with serial imaging studies to confirm de novo stone development. Since menopause is associated with increased urinary calcium excretion, it may have confounded the results. 12 There was no correlation between changes in serum 25(OH)VD levels and urinary calcium excretion (r = 0.032, p = 0.857) (Fig. 3) . These results are consistent with the findings by Eisner and colleagues. 7 Whereas the latter study used a single 24-hour urine collection, in the present study two 24-hour urine collections were used to get a better representative sampling of the urinary parameters as recommended by the Canadian Urology Association guidelines. 13, 14 On the other hand, the study by Berlin and colleagues found that patients with high urinary calcium excretion (>6.0 mmol/L) had significantly higher levels of serum 25(OH)VD than those with a lower urinary calcium. 15 However, patients were prescribed neither VD nor calcium supplements. In comparison, all patients in the current study were supplemented with both VD and calcium, and changes in serum 25(OH)VD and urinary calcium levels were examined rather than correlated with absolute values. 
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In the present study, VDCS did not suppress serum PTH levels significantly (p = 0.987). This could be due to the fact that only 38.2% of patients normalized their 25(OH) VD levels, since VDS rather than repletion was used in the present study. Interestingly, the daily VD doses (median of 1000 IU) used in the current cohort were higher than Health Canada's recommended dietary allowance per day for VD (600 IU if <70 years old, 800 IU if older) and calcium intake (25 mmol/d for men, 30 mmol/d for women). 16 The doses used in the present study are consistent with the findings of a recent review article which recommended a daily VD intake over 1000 IU to bring 25(OH)VD concentrations above 75.0 nmol/L. 17 The citrate content of the medications explains the significant increase in mean urinary citrate excretion (2.53 vs. 3.50mmol/d, p<0.001). In addition, 19 (55.8%) patients were prescribed potassium citrate to alkalinize urine and/or treat hypocitraturia. Therefore, this explains the significantly increased mean urinary potassium and citrate excretion on follow-up ( Table 1) .
As expected, the number of hyperoxaliuric patients decreased significantly after VDCS (p = 0.016). All patients were given the same advice to increase fluids >2 L/day, and follow a low salt (<2300 mg/day), low oxalate and low purine diet. Since mean urinary sodium excretion increased significantly after VDCS (p = 0.004) and 9 patients were hypernatriuric, urinary sodium excretion could have confounded the effects of VDCS (Table 2) . However, patients who developed de novo hypercalciuria had similar urinary sodium levels compared to patients with normal urinary calcium (p = 0.4).
Our retrospective study includes several inherent limitations. The sample size was relatively small, but good enough to validate the statistical outcomes. In addition, intra-individual 25(OH)VD levels tended to fluctuate, and 11 (32.4%) patients showed a decrease in their serum VD at their last serum measurements. Therefore, non-adherence to medications and subsequent lack of normalization of their serum 25(OH)VD constitute further limitations. Moreover, dietary calcium or sodium consumption was not controlled. Finally, the study was retrospective in nature with its inherent limitations. However, the strict inclusion and exclusion criteria, as well as the long follow-up time (median of 39 months), constitute the strengths of the study. Nevertheless, this is the first study that showed VDI urolithiasis patients treated with VDCS are at increased risk of de novo hypercalciuria and de novo stones. Future prospective randomized trials should be performed to assess the long-term lithogenic effects of VDCS in patients with a history of urolithiasis.
Conclusion
This study showed that combined VD and calcium supplementation in VDI urolithiasis patients resulted in significantly higher mean urinary calcium excretion. In addition, de novo hypercalciuria and stone development were associated with VDCS. Therefore, VDI patients with history of urolithiasis receiving VDCS are advised to follow-up with 24-hour urine collections and imaging studies to assess for de novo stone formation. 
